Relative Propensities of Cytochrome c Oxidase and Cobalt Corrins for Reaction with Cyanide and Oxygen: Implications for Amelioration of Cyanide Toxicity.
In aqueous media at neutral pH, the binding of two cyanide molecules per cobinamide can be described by two formation constants, Kf1 = 1.1 (±0.6) × 105 M-1 and Kf2 = 8.5 (±0.1) × 104 M-1, or an overall cyanide binding constant of ∼1 × 1010 M-2. In comparison, the cyanide binding constants for cobalamin and a fully oxidized form of cytochrome c oxidase, each binding a single cyanide anion, were found to be 7.9 (±0.5) × 104 M-1 and 1.6 (±0.2) × 107 M-1, respectively. An examination of the cyanide-binding properties of cobinamide at neutral pH by stopped-flow spectrophotometry revealed two kinetic phases, rapid and slow, with apparent second-order rate constants of 3.2 (±0.5) × 103 M-1 s-1 and 45 (±1) M-1 s-1, respectively. Under the same conditions, cobalamin exhibited a single slow cyanide-binding kinetic phase with a second-order rate constant of 35 (±1) M-1 s-1. All three of these processes are significantly slower than the rate at which cyanide is bound by complex IV during enzyme turnover (>106 M-1 s-1). Overall, it can be understood from these findings why cobinamide is a measurably better cyanide scavenger than cobalamin, but it is unclear how either cobalt corrin can be antidotal toward cyanide intoxication as neither compound, by itself, appears able to out-compete cytochrome c oxidase for available cyanide. Furthermore, it has also been possible to unequivocally show in head-to-head comparison assays that the enzyme does indeed have greater affinity for cyanide than both cobalamin and cobinamide. A plausible resolution of the paradox that both cobalamin and cobinamide clearly are antidotal toward cyanide intoxication, involving the endogenous auxiliary agent nitric oxide, is suggested. Additionally, the catalytic consumption of oxygen by the cobalt corrins is demonstrated and, in the case of cobinamide, the involvement of cytochrome c when present. Particularly in the case of cobinamide, these oxygen-dependent reactions could potentially lead to erroneous assessment of the ability of the cyanide scavenger to restore the activity of cyanide-inhibited cytochrome c oxidase.